I . Studies were made with pair-fed vitamin Blz-deficient and vitamin B12-treated or cobalt-treated ewes fed a Co-deficient diet in cages. Measurements were made of body-weight changes and some observations were made of energy and nitrogen metabolism. The effects of oral Co on energy and nitrogen metabolism were examined in sheep fed the Co-deficient diet,
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After a training period in cages, and in some instances an initial depletion of vitamin B,, reserves on the experimental diet in open-air pens, animals were maintained in collection cages (Marston, 1935) for periods of up to 4 years. If both oral Co (I mg Co/d given as a drench at the time of feeding) and vitamin B,, (50 pg cyanocobalamin/ d injected intramuscularly) were withheld, normal health appeared to be maintained for 20-35 weeks and the full daily ration (1050 g moist weight, or about 940 g dry weight) was consumed. Thereafter a progressively increasing proportion of the ration was left uneaten, the animals lost weight and, if not treated, died in an emaciated condition in a further 20-35 weeks.
Pair-fed animals. The time required to produce deficiency symptoms (loss of appetite) varied widely and so pair-fed animals were produced and maintained individually from a pool of fifteen to twenty animals fed the Co-deficient diet. Animals to be pairfed were selected on the basis of similar age, similar food intakes (generally in the range 500-800 g/d but in some instances the full food intake of 1050 g/d), and similar body-weights, both animals having generally consumed the deficient diet for a similar time. One animal was then treated continuously with Co or vitamin B,, and its food intake restricted to that consumed by its deficient counterpart on the previous day. Food residues were collected and weighed daily and the appropriate mixture of haychaff and gluten was calculated on a moist-weight basis. I n periods when nitrogen and combustible energy excretion were measured, food residues were dried at I 10' for 24 h before weighing and food intakes calculated on a dry-weight basis. In these periods treated animals were pair-fed 2 d after their deficient counterparts. No food residues were left by treated animals during these periods and only very rarely in the entire series of experiments.
Body-weight changes in pair-fed animals. During the 5-year period reported in Table I , thirty-five pairs of animals were produced in which the treated animals received vitamin B,,. Observations to be reported were restricted to periods of falling food intake in the range 800 g/d-zoo g/d. Observations were rejected if body-weight differences at the beginning of the period of observation exceeded 3 kg. All observations on eight of the pairs were rejected for this reason. After pair-feeding was established, a stabilization period of 4 weeks was allowed before observations began and, if the animals were shorn, a further 4 weeks stabilization was allowed before observations were resumed. Rates of body-weight loss were calculated from weekly bodyweight values as linear regressions, and in the statistical analysis these were weighted inversely as their variances. The analysis was performed on regressions from twentyseven pairs, and a distinction was made between first observations off pasture and repeat observations on the same pair of animals after temporary recovery of the deficient member on treatment with vitamin BIZ.
Energy and nitrogen metabolism. During the 14 d periods in which combustible energy and nitrogen retention were measured, samples of fodder components, food residues and excreta were collected and analysed as described by Marston (1948) . Measurements of respiratory exchange were made in the open-circuit calorimeters described by Marston (1948 
RESULTS
Body-we$ht changes in pair-fed animals. Two examples of pair-fed vitamin B,,-deficient and vitamin B,,-treated animals maintained for long periods on the deficient diet are shown in Fig. I . The deficient member of the pair was periodically treated for 2-4 weeks with 50 ,ug vitamin B,,/d before again being allowed to become deficient.
Blood haemoglobin was measured from the time pair-feeding began and shows the typically more pronounced degree of anaemia found in deficient animals than in pairfed animals receiving vitamin BI2. Although the response in food intake and bodyweight of the deficient animal to vitamin B,, was immediate, the haemoglobin response was frequently delayed.
In Fig. I the rate of body-weight loss is perceptibly faster in deficient than in treated animals. Values for rates of body-weight loss were obtained in forty-nine observations on twenty-seven pairs of animals over a 5-year period. The mean period of observation was 9.6 weeks. Table I summarizes the results for fifteen of these pairs, and shows the individual rates for first observations off pasture. In the final column are shown the ratios between the weighted mean rates for deficient and treated animals respectively for repeat observations like those shown in Fig. I .
Statistical analysis of all the regressions showed that variation between pairs (in first observations) did not differ significantly from variation within pairs (in repeat observations) and that the regressions for deficient and treated animals each comprised a homogeneous population. The values for all forty-nine observations were therefore pooled to give 74 degrees of freedom. The mean rate of body-weight loss for all observations on deficient animals (0.5464 kglweek f 0.0224 (SEM)) was significantly greater (P < 0.01) than that for all observations on treated animals (0.4365 kg/week & 0.0251 (sEM)). The corresponding degree of significance for the mean rates shown in Table I for first observations was P < 0.05, and for the repeat observations indicated in the final column was also P < 0.05.
The rate of loss of body-weight varied greatly between deficient animals and reflected the rate of loss of appetite, but there was no correlation between these rates and the corresponding ratios. From the mean rates for all observations given above, the deficient animals lost weight 25 yo faster than the treated animals. I970 of flake-gluten by the deficient animals, food intakes were not perfectly matched and nitrogen intakes of treated animals were about z % higher than those for their deficient counterparts while combustible energy intakes were about 4 yo lower.
For statistical analysis, values for excretion were expressed as fractions of actual intakes, and on this basis there were no significant differences between deficient and treated animals in any of the quantities measured except faecal nitrogen. Expressed as a fraction of ingested nitrogen, this was significantly higher (P < 0.05) in deficient than in treated animals and the effect was consistent for both vitamin B,,-treated and Cotreated controls.
Energy expenditure of vitamin B,,-dejicient and pair-fed vitamin B,,-treated animals. Measurements of energy expenditure by respiratory exchange in sheep are not highly accurate unless the animals are thoroughly stabilized on a particular plane of nutrition, but with pair-fed deficient and treated sheep the plane of nutrition was constantly falling. In addition, while the deficient animal was listless and ate its food slowly, the pair-fed treated animal consumed its daily ration within a few hours. These factors combine to make measurements of energy expenditure of doubtful value but, nevertheless, a few such measurements were made and are reported below. Urinary nitrogen was not measured and energy expenditure was calculated from total oxygen consumption using simple respiratory quotients. Table 4 shows the energy expenditure of the pair-fed animals no. 433 and no. 218
( Fig. I A) . The measurements were made after 60 weeks on the Co-deficient diet and 27 weeks after pair-feeding began. in cn similar in the two animals when fed it appeared to fall more rapidly in the treated animal on fasting.
Two further measurements, each of 24 h duration, were made on a second pair of animals on the 1st day of fast and are given in Table 5 . The animals were 3 years of age and had been fed on the Co-deficient diet for 53 weeks when the first measurements were made. Methane was not measured. Energy expenditure on the 1st day of fast was again higher in the deficient animals. 
The three sets of results constitute only two independent observations and the difference between deficient and treated animals although consistent, is not statistically significant (0-05 < P < 0.1). The findings are, therefore, no more than indicative of a higher fasting energy expenditure in deficient animals on the 1st day of fast.
Digestibility of fodder and energy utilization with and without supplementary Co in animals not deficient of vitamin B12. Two animals were used, one receiving I mg Cold
VOl. 24
Metabolism in B,,-de$cient sheep 887 by mouth and both consuming a maintenance ration of the Co-deficient diet. After one set of measurements was completed Co treatment was reversed, the animals were again stabilized and the measurements repeated. 
58.6
After 4 weeks stabilization of both animals, with no. I 13 receiving Co, the energy and nitrogen available from the ration were determined from collection of excreta over 14 d. During the subsequent 14 d, eight 24 h measurements of respiratory exchange were made on each animal. Treatment was then reversed and after 14 d stabilization the above procedure was repeated except that ten instead of eight measurements of respiratory exchange were made. During the 14d periods in which excreta were collected, daily determinations of faecal dry weight were made and these, together with the replicate measurements of respiratory exchange, were used in statistical analysis of the results. That 14 d without Co is more than sufficient to deplete the rumen of Co and vitamin B,, was shown by Smith & Marston (1970), and the rapidity of the response in food intake and body-weight of deficient animals to Co given orally (Marston & Smith, 1952 ; Marston, 1970) indicates that the reverse is also true.
The results for energy and nitrogen retention from the diet are shown in Table 6 , and for energy expenditure in Table 7 . The statistical analysis showed that there was no significant effect of orally administered Co on any of the quantities measured. (Marston, 1970 ) that either Co given orally or injected vitamin B,, was capable of preventing the loss of appetite and bodyweight suffered by sheep given a Co-deficient diet. The capacity of deficient animals to respond immediately to short periods of treatment with vitamin B,., is shown in Fig. I to be sustained for periods approaching 4 years, and since only small amounts of injected vitamin B,, enter the rumen (Smith & Marston, 1970) it may be concluded that the deficiency symptoms are predominantly due to lack of vitamin B,, in the tissues. That they may be ascribed entirely to this cause is suggested by the values in Tables 6 and 7 where the presence of additional Co (and hence of cobamides) in the rumen had, within small limits of error, no effect either on the digestibility of the fodder or on the energy or nitrogen metabolism of the animal.
These findings do not support the suggestion (Ford, Kon & Porter, 1952; Porter, (The values refer to the same experiment as those in Table 6 . Eight measurements of respiratory exchange were made in period A, ten in period B.
The results are mean values with their standard errors. The energy balance is derived from the retained (available) energy value in Table   6 Blaylock, 1968) , but in the present work the absence of supplementary Co had no effect on methane production (Table 7) , and in the vitamin B,,-deficient animal methane production was reduced only in proportion to food intake (Table 4 compared with Table 7 ). The reduction in bacterial counts in the Co-depleted rumen (Gall, Smith, Becker, Stark & Loosli, 1949) , if it occurred in the present experiments, did not appear to affect the availability of energy or nitrogen from the diet. The relative rates of body-weight loss of pair-fed deficient and vitamin B,,-treated animals ( Table I) clearly establish the more rapid loss of weight by the former. The wide variation in individual ratios between pairs was also found in repeat measurements of single pairs and probably reflects the imprecision of body-weights in ruminants. That the difference between deficient and treated animals represents a loss of tissue substance and not of water is indicated by the similarity of muscle composition in deficient animals and Co-treated animals on restricted food intake (Holmes, 1965).
From Fig. I it is clear that these losses are made good when the deficient animal is treated with vitamin B,,. The extent of the metabolic inefficiency in deficient animals implied by these findings appears to be characteristic of the deficiency state and to be maintained through successive cycles of deficiency. With a variable and falling daily food intake, conditions for measurement of energy and nitrogen metabolism in pair-fed animals were not ideal, and only tentative conclusions can be reached from the limited number of observations made. The finding of a higher faecal nitrogen excretion together with a higher fasting energy expenditure in deficient than in pair-fed treated animals, however, is consistent with the higher rate of body-weight loss in the former.
The major cause of body-weight loss in the vitamin B,,-deficient sheep was loss of appetite, but a substantial metabolic inefficiency existed as well. The extent of the metabolic inefficiency showed no correlation with the rate of loss of appetite (as reflected in body-weight losses) and there is therefore no evidence to suggest that these two manifestations of vitamin B,, deficiency were causally related. 
